A new contrast agent to successfully counter 1. background autofl uorescence! Autofl uorescence arising from endogenous molecules is a major concern when fl orescence microscopy is utilized for studying localization and dynamics of molecules and substances within cells. Even though this limitation is currently overcome to an extent by taking advantage of the differences in either wavelength or fl uorescence lifetime, it is not optimal particularly for in vivo imaging. Nitrogen-vacancy centers (NVCs) are crystal defects consisting of a nitrogen atom and an adjacent lattice vacancy in diamonds, known as a fl uorescent center with a high quantum yield. Nanodiamonds containing NVCs have become one of the most promising fl uorescent probes in biomolecular imaging as they can be functionalized to a variety of biomacromolecules, organelles, cells, and viruses. Their synthesis protocols are well standardized. A research team from Japan took advantage of the fact that fl uorescence intensity of nanodiamonds sensitively depends on the ground state spin confi guration which can be regulated by electron spin magnetic resonance. They utilized this concept to demonstrate excellent imaging contrast even in the presence of strong background autofl uorescence ( Figure 1 ). The researchers of these investigations, reported in a recent issue of the journal Nano Letters (Nano Lett. , 2012, 12, 5726-5732) , claim that their method has the following additional advantages: " The time resolution and duration for real-time tracking is now possible. The swift correction of selective image against translational drift of nanodiamonds caused by such as respiration also contributes to improve the spatial resolution for the cellular scale imaging. Video-rate continuous imaging is possible for hours without any decrease in the intensities of signals, owing to the extremely robust physical and chemical properties of nanodiamonds. Finally, the invasiveness caused by optical and MW irradiation is anticipated to be minute ".
How to visualize dynamic changes 2. in a catalyst during catalysis ?
With the fi eld of catalysis moving in the direction of utilizing nanostructured catalysts for a variety of industrially important catalytic reactions, there is a great demand for developing tools that would help in real-time investigation of the dynamic changes in their morphology, porosity, and chemical composition. There have been a number of optical and electron microscopy techniques under development to address some of these challenges and certainly the fi eld of microscopy is advancing rapidly towards imaging with nanometer spatial resolution combined with required chemical and morphological sensitivities. X-rays are a better source compared with visible-light methods because of their short wavelength and their intrinsic ability to penetrate thick materials. There have been some recent advances in nanoscale tomography with hard X-rays using Kirkpatrick-Baez optics. Adding to these, recent work from the laboratories of Prof. Dr. B.M. Weckhuysen, Debye Institute for Nanomaterials Science, Utrecht University, The Netherlands, led to the design of a full-fi eld transmission hard X-ray microscopy reactor. Utilization of such a reactor led to unraveling the features of iron-based Fischer-Tropsch-toOlefi ns catalyst particle at elevated temperatures and pressures by providing three dimensional (3D) and 2D maps of 30 nm resolution showing heterogeneities in the pore structure and chemical composition of the catalyst particle. More details of these investigations can be found in the recently published paper ( Angew. Chem. , DOI: 10.1002/anie.201204930). 
High-throughput generation of catalyst 3. libraries for ultrafast catalyst exploration
Researchers from the USA and China demonstrate an inkjet printing assisted cooperative assembly method for ultrafast exploration of multicomponent mesoporous metal oxides catalysts. The work reported in the recent issue of Nano Lett. (Figure 2 ) is the fi rst demonstration of a synthetic platform that has been set up to reproducibly generate a continuous landscape of candidate catalysts at a rate of 1 million formulations/h, containing up to eight different metal species. An important facet of the process is that the composition and mesostructure of the catalyst libraries can be well controlled and continuously varied over a wide range to better explore the possible catalytic features that might be present and transitioned to via bulk synthesis procedures. The new tool is anticipated to kick start the development of mesoporous metal oxides (MMOs) based heterogeneous catalysts, which are extremely important for chemical and energy industries. MMOs are most sought after as they possess high internal surface areas, variable pore sizes, and designable pore networking that can be used for the support of a wide variety of active sites and catalyst species. The possibility to control the reactant/product residence time that is required for the creation of highly selective and high-yield catalysts is an added advantage.
Is there a promising alternative to C-Pt 4. catalysts for the oxygen reduction reaction (ORR) ?
There has been a tremendous push in the past couple of decades by fuel cell developers to create a non-Pt catalyst for low temperature air cathodes. While Pt continues to remain as the catalyst of choice at least for acid-based fuel cells, its prohibitive cost prevents its continued utility. To address this challenge, the approach so far has been to improve fundamental understanding of the reaction at the platinum-electrolyte interface and to optimize the catalytic properties of the platinum surface. Although there have been sporadic reports of exploring unconventional no platinum-based catalysts, there are no real breakthroughs to date. Keeping in tune with the developments around graphene as a suitable catalyst support, there have been attempts to explore the utility of non-platinum based catalysts supported on graphene. Early transition metals supported on graphene (G) have certainly attracted much attention although with no reasonable progress. In a recent investigation funded by the US Department of Energy, Offi ce of Energy Effi ciency, and Renewable Energy, Fuel Cell Technologies Program, researchers from Brown University report ( Angew. Chem. Int. Ed. 2012, 51, 11770-11773 ) the fi rst success in utilizing cobalt core cobalt oxide shell nanoparticles as high-performance electrocatalysts for the ORR when carried out on a graphene support. Their investigations demonstrate that G-Co/CoO NP catalyst with an 8 nm Co core and a 1 nm CoO shell provides better catalyst performance than the commercial Pt NP catalyst supported on carbon (C-Pt). The new catalyst was found to be more stable than the C-Pt catalyst and provided superior performance due to its interaction with the graphene support.
Plastic solar cells on the rise ? 5.
Solution-processed polymer bulk heterojunction solar cells are well-known and have been widely investigated. Of several classes of organic molecules currently being explored to enhance ambipolar charge transport and power conversion effi ciency, boron dipyrromethene (BODIPY) dyes were found to be outstanding due to their chemical and photochemical stabilities, redox activity, and tailor-able optical features. A group of researchers from France report in a recent issue of Journal of the American Chemical Society ( J. Am. Chem. Soc. , 2012, 134, 17404-17407 ) that bulk heterojunctions assembled from green-absorbing dipyrromethene dyes and a fullerene derivative (PC 61 BM) at a low ratio demonstrate a power conversion effi ciency as high as 4.7 % (Figure 3 on nanomaterials are currently being developed and these investigations are on the rise. For example, recently researchers from the University of Toronto and King Abdullah University of Science and Technology have made a breakthrough in the development of colloidal quantum dot (CQD) fi lms, leading to the most effi cient CQD solar cell ever with a world record 7.0 % effi ciency ( Nat. Nanotechnol. 2012, 7, 577 -582) .
Nanotechnology-based sensing made simpler! 6.
How about a gas sensor that does not require the use of solvents, expensive fabrication techniques, fl exible, stackable, and potentially wearable ? Thinking along these lines, a group of researchers from the Institute for Soldier Nanotechnologies and Massachusetts Institute of Technology came up with an idea to make chemiresistive gas sensors through mechanical abrasion of compressed powders of sensing materials such as carbon nanotubes (CNTs) on the fi bers of cellulose, for example, a simple paper. While resistivity based CNT sensors have been known to offer signifi cant advantages, the need for expensive specialized equipment for their fabrication restricts their applications. Taking advantage of the ability to mechanically abrase compressed CNT powders and combining with the advantages offered by paper as a substrate for fabrication, the researchers fabricated a paper-based gas sensor. The sensor was demonstrated for its ability to yield a device for sensing NH 3 with a broad dynamic range towards its detection (0.5 -5000 ppm) with a theoretical limit of detection of 0.36 ppm. It is worth noting that this limit of detection from these sensing devices is comparable with devices based on chemically functionalized single walled CNTs on glass substrates fabricated by traditional solution phase methods. See the publication ( Angew. Chem. Int. Ed. 2012, 51, 10740 -10745) for more details.
Plasmon-induced doping of graphene to 7. produce optoelectronic devices
Developing optoelectronic devices at nanoscale is primarily limited by the current limitations in photolithography techniques used in fabricating devices on silicon. It is wellknown that due to diffraction in photolithographic processes the feature size achievable on silicon would be limited to approximately one-half the wavelength of light. Bottom-up optoelectronic devices is one way to solve this problem. Moving a step closer to producing graphene-based switches and photo-detectors, a team of researchers from the USA, Spain, and China report, published recently in the journal ACS Nano (DOI: 10.1021/nn304028b), that a metallic nanoantenna, under resonant illumination, injects non-equilibrium hot electrons into a nearby graphene structure, effectively doping the material (Figure 4 ). The researchers demonstrate that the effect is highly tunable, depending on the resonant frequency of the plasmonic antenna, as well as on the incident laser power. In addition, they show that a larger doping effi ciency is achieved for the n-type graphene in comparison with the p-type graphene. These investigations clearly indicate that hot electron-doped graphene, representing a new type of hybrid material, will have promising optoelectronic device applications.
Artifi cial muscles and muscular motion ? 8.
Biomimetic nanotechnology is a fascinating area of research with potential implications for developing novel biomedical devices to enhance our quality of life. Designing and fabricating molecular machines which are counterparts to natural and biological systems is key for success in biomedical engineering. Chemical synthesis of molecular devices with macroscopic functions is well documented. Utilizing well-known rotaxane molecules, a team of French and USA researchers took advantage of the metallosupramolecular polymerization process and combined linearly tailor-made bistable [c2] daisy chain rotaxanes in order to fabricate a muscle-like system. These results are published in the journal Angewandte Chemie International ( Angew. Chem. DOI: 10.1002/anie.201206571). In this work, the authors describe an approach that lead to polymer chains that are suffi ciently long and soluble so that micrometric changes of their contour length can be measured upon synchronization of thousands of contractions and extensions -literally mimicking muscles and muscular motion. While a number of challenges remain closely mimicking myofi brils in muscles, these investigations clearly demonstrate mechanical output of thousands of molecular machines linked within a single-strand macromolecular chain, going from nanometers to tens of micrometers.
3D electron tomography taken to the 9. next level!
A team of researchers from Belgium, Spain, and Germany propose a novel approach for obtaining 3D atomic structure of free-standing nanoparticles by using what is called a compressive-sensing-based 3D reconstruction algorithm. Unlike conventional reconstruction algorithms such as the simultaneous iterative reconstruction technique, an additional penalty parameter is introduced thereby minimizing the projection error and the L1-norm of the object. This new reconstruction algorithm was applied to the high-resolution high angle annular dark fi eld (HAADF)-scanning transmission electron microscopy (STEM) images for both types of Au nanorod. In this simulation experiment, all atoms, and therefore also all surface facets, were recovered ( Figure 5 ). This is an important breakthrough in atomic-scale determination of surface facets in gold nanorods. As it is widely accepted that the physical properties of nanostructures depend on the type of surface facets, which in turn have a major infl uence on crucial effects such as reactivity and ligand adsorption, facet indexing is critically important. This technique is far superior to currently well-established aberration-corrected electron microscopy where images correspond to 2D projections of 3D nano-objects and therefore result in an incomplete characterization. The authors believe that the proposed technique will be a " gold standard " to measure the 3D atomic structure of freestanding nanomaterials and can be used routinely.
Eradication of malaria through 10. nanotechnologies ?
Ever heard of malaria ? Malaria is a mosquito-borne infectious disease of humans and other animals caused by protists (a type of microorganism) of the genus Plasmodium . It is prevalent in tropical regions as signifi cant amounts of rainfall, warm temperatures, and stagnant waters create habitats ideal for mosquito larvae. The World Health Organization estimates that around 800,000 people die from malaria each year after bitten by mosquitoes infected with malaria parasites. It is now well established that the parasite is developing resistance to the most powerful anti-malarial drugs in southeast Asia and sub-Saharan Africa. Despite a need no effective vaccine currently exists although efforts to develop one are ongoing. In terms of diagnosis, microscopic examination of blood using blood fi lms or with antigen-based rapid diagnostic tests are popular tools. Modern techniques that use the polymerase chain reaction to detect parasite DNA have also been developed, but are not widely used in malaria-endemic areas due to their cost and complexity. A pioneering mobile device using cutting-edge nanotechnology, where a range of latest proven nanotechnologies to rapidly analyze the parasite DNA from a blood sample, is being funded to the tune of $5.2 million ( £ 4 million) by the NanoMal Consortium ( http://www. nanomal.org/ ) led by St. George ' s, University of London. The device will enable rapid detection of malaria infection and drug resistance. This device could revolutionize how the disease is diagnosed and treated by allowing healthcare workers in remote rural areas to deliver effective drug treatments to counter resistance more quickly, potentially saving lives. 
Can cells incorporated with nanoparticles 11. be modulated in tandem ?
Researchers at the University of California, Los Angeles, demonstrate that cells incorporated with a magnetic nanoparticle can be manipulated to lead to a highly coordinated response in their collective cellular behavior. Their research described in a recent publication in the journal Nature Methods (Nature Methods, 2012 , 9, 1113 -1119 is the fi rst demonstration of a technique for generating controllable, time-varying, and localizable forces on arrays of cells in a massively parallel manner. It has been previously known that by using magnetic forces on cells incorporated with magnetic nanoparticles, one could elicit changes in cellular functions (see Nat. Nanotechnol . 2008, 3, 36 -40) . However, current fi ndings take nanomaterial-mediated cellular modulation to the next level as " the large sample size and rapid sample gene ration inherent to this approach allow the analysis of cells at an unprecedented rate: in a single experiment, potentially tens of thousands of cells can be stimulated for high statistical accuracy in measurements. This technique shows promise as a tool for both cell analysis and control " . As shown in Figure 6 , the authors grow magnetic nanoparticle-dosed cells in defi ned patterns on micromagnetic substrates. On application of localized nanoparticle-mediated forces, they observe highly coordinated responses in cellular behavior. 
